Abstract In this contribution, I identify possible biotic elements of reptiles of China using biotic element analysis. I test whether the vicariance model could significantly shape reptilian current distribution patterns. My results show that dispersal is prevailing for reptiles in China. There are four major biotic elements in reptilian distribution, which are East Xizang, YunnanGuizhou Plateau, Taiwan and Hainan, respectively. The test of distributional areas is significantly more clustered than expected by chance, while in another test that closely related species are homogeneously distributed across biotic elements cannot be rejected. Therefore I argued that vicariance might be one of the key processes in patterning reptilian distribution in China. In addition, I develop an improved biotic element analysis in biogeographic studies, by performing biotic element analysis in an iterative manner in order to diagnose more geographically restricted elements until no noise components found. The importance of antecedent selection of distributional data for the subsequent analysis is also discussed. Besides, my study indicates that biodiversity hotspots are not fully overlapped with areas of endemism for reptilians in East Asia [Current Zoology 59 (4): 449-457, 2013].
Areas of endemism are defined as areas delimited by the congruent distribution of two or more species of restricted range, which constitute the basal units in historical biogeography (Morrone and Crisci, 1995; Linder, 2002) . There are a number of approaches in revealing areas of endemism, biotic elements or basic units of biogeographic areas (Moline and Linder, 2006; Linder, 2002; Hausdorf and Hennig, 2003; Morrone, 1994) .
Although there are open debates on the just-mentioned terminologies and definitions (Casagranda et al., 2012 (Casagranda et al., , 2009 , I treated them all as equivalent as the important areas for historical biogeography. The most widely applied method is parsimony analysis of endemicity (Rosen, 1988; Morrone and Crisci, 1995) .
Biotic element analysis (Hausdorf and Hennig, 2003 ) is a statistical approach to identify segregated/geographically restricted biotic elements in historical biogeography (Hausdorf, 2002) . Biotic elements are defined as the groups of taxa that have similar distributional ranges significantly different from those of other taxa (Hausdorf, 2002; Casagranda et al., 2012) . Although its effectiveness of identifying range-similar species clusters has been challenged recently (Casagranda et al., 2012) , it is still applied in recent studies (Moline and Linder, 2006; Carvalho et al., 2011; Wronski and Hausdorf, 2008; Cabrero-Sanudo and Lobo, 2009; Hausdorf and Henning, 2010; Nogueira et al., 2011) . The basic principle of biotic element analysis is to identify different species groupings through a Gaussian clustering analysis on the results returned by the non-metric multidimensional analysis. However, the groupings could be identified using hierarchical cluster analysis. In this sense, biotic element analysis is similar to cluster analysis with statistical tests (McCoy et al., 1986; Marquez et al., 1997; Baez et al., 2005) .
In previous studies (Hausdorf and Hennig, 2004, 2006) , the widespread biotic element was directly eliminated without reconsideration. It might not be a good choice since there must be some fragmented distributional information within the widespread element, which could be re-determined from iterative analysis after excluding those determined geographically restricted elements. Besides, there must be some noise species (which have broad distributional ranges and could not be used to diagnose biotic elements) that have not been cleared out in the primary analysis. Therefore it is necessary to re-calculate biotic elements analysis using selective data set until all the noise components have been fully excluded. As such, I performed biotic element analysis for multiple times by iteratively analyzing the remaining data set so as to detect all possible geographically restricted biotic elements.
Vicariance biogeography is one subdiscipline of biogeography (Hausdorf and Hennig, 2006 ; and the references therein). The vicariance model commonly has two predictions (Hausdorf and Hennig, 2004, 2006) (both will be presented in detail in the Materials and Methods section). The first prediction, species from different endemic areas should form different biotic elements, could be tested using a Monte Carlo simulation. In the simulation, the null model can generate random range data sets in a way such that the range size distribution, species richness distribution and the spatial autocorrelation pattern are similar to the parameters in the real data set. Biotic elements were then delimited with a model-based Gaussian clustering process while excluding noise components. The second prediction for which closely related species should be classified into different biotic elements could be tested with a chi-squared test using the cross-table matrix after the biotic elements have been determined.
There are five physical regions in China, three of which are Eastern monsoon region, northwest drought region and the Qinghai-Tibet Plateau (Zhao, 1995) . Eastern monsoon region could be further divided into northeast plain, north plain, and southern hills. On the basis of biodiversity surveying and mapping, southern hills (covering most of the southern part of China, for example, Yunnan-Guizhou Plateau, Hainan and Taiwan Islands, and Zhoushan Archipelago) and Tibetan (or Xizang) highlands would become the focuses due to their high species endemicity (Chen and Bi, 2007; Chen, 2008 Chen, , 2009a .
It has been broadly accepted that there were multiple distinct biogeographical components of vertebrate fauna of China for a long time (Zhang, 1999) . However, traditional studies have only paid attention to faunal similarity and biogeographical affinities of different regions, historical factors are hardly considered (Huang et al., 2008) . In this study, I will test the importance of vicariance in shaping current reptilian distributional patterns of China and find out the geographically separated biotic elements.
Materials and Methods

Distribution data
The distributional data set of 309 reptilian species of China was derived from CSIS (http://www.baohu.org/), which has widely collected each species' distribution from various multiple resources. The distributional records have been checked and verified using faunal books or literature, including, Zhao (1999), Zhao et al.
(1998), Zhang et al. (1998) , Chen (2009) and China Wildlife Conservation Association (2002) . A database containing species names, taxonomic classification, distributional counties and geographical coordinates was complied then. My study covered the major orders of reptiles as introduced in the Fauna Sinica (Zhao, 1999; Zhao et al., 1998; Zhang et al., 1998) , including Squamata, Testudoformes and Crocodiliformes.
Each distribution record was checked to find possible new distributional coordinates and was projected into 1°×1° geographical units (latitude×longitude) to form 510 grid cells in which 309 reptilian species occur. In such a way a 309×510 matrix was built for further analysis.
Richness mapping
The grid cells that have top 2% richness of species (species count) are regarded as hotspots (Williams et al., 1996) . A geographical information system tailored for biodiversity studies DIVA-GIS (http://www.diva-gis.org/) was utilized to perform mapping procedure. Of course, given the condition that no phylogenetic information is available, our study therefore is only limited to specieslevel diversity mapping of reptiles.
Biogeographical tests of the vicariance models
There are two predictions deriving from the vicariance model (Hausdorf, 2002; Hausdorf and Hennig, 2003; Hausdorf and Hennig, 2006) : 1) Species that originated in different areas of endemism by vicariance events form distinct biotic elements; and 2) closely related species that originated by vicariance do not occur within the same area of endemism, but distribute homogenously across different areas of endemism and hence belong to different biotic elements.
These tests were implemented using the package 'PRABCLUS' developed by Hausdorf and Hennig (2004) under the R environment (R Development Core Team, 2011). I used the program with the default settings and the 'Kruskal' method is applied for performing clustering analysis (Cabrero-Sanudo and Lobo, 2009).
Determination of biotic elements
Biotic elements (clusters of taxa with similar ranges) are determined using model-based Gaussian clustering with noise category (Hausdorf and Hennig, 2003) . This method provides decisions about the number of meaningful clusters and the number of points that cannot be assigned adequately to any biotic element (noise category).
To reveal all the possible regionally restricted elements, I re-calculated the analysis using reduced data set which discards those areas and species in geogra-phically restricted biotic elements (defined as an element that covers a narrow and small range of the whole study region). This iterative analytical process was stopped until all noise components have been removed.
Test for distribution of species groups across biotic elements
The second prediction of the vicariance model is that closely related species belong to different biotic elements because they originated in different areas of endemism. It can be tested after biotic elements are determined. Following the suggestion of Hausdorf and Hennig (2006) , species in a genus that is not divided into different subgenera were considered groups of closely species. The species are classified in such a way that taxonomic groups are rows and biotic elements are columns in the cross-table. Species belonging to the noise category, widespread elements and species without closely related species in the biotic elements are omitted. The vicariance model predicts a uniform distribution of species groups across biotic elements corresponding to the cross-table expected under the null hypothesis of independence of rows and columns (Hausdorf and Hennig, 2006) . I used the Chi-squared test for independence of rows and columns of the table to test the second vicariance prediction.
Results
Species richness patterns
The richness map is showed in Fig. 1 . Ten grid cells with top 2% reptilian richness are marked in dark grey colors. The grid cell with highest richness number (97 species) is located in North Guangxi, followed by south of Hainan Island with 84 species and south of Yunnan with 79 species. The latter two grid cells correspond to two biotic elements respectively as discussed in the latter part of the study.
Tests for clustering of reptilian distribution areas
The test statistic t=0.531, the ratio between the 25% largest and smallest distances , is significantly smaller than expected by chance for the reptilian species in China (Simulated t=0.603; ranging from 0.566 to 0.654; P<0.01). The test indicates that the distribution areas of these reptilian taxa are significantly clustered and could be used for biotic element analysis.
Biotic elements
In the primary biotic element analysis of the 309 species, 286 species were assigned to 9 biotic elements, in which only East Xizang element (17 species) and Taiwan element (15 species) are regionally restricted ele- The provinces related to the current study are showed as abbreviations: XZ-Xizang Province, SC-Sichuan Province, YN-Yunnan Province, GZ-Guizhou Province, GX-Guangxi Province, HN-Hainan Province, FJ-Fujian Province, TW-Taiwan Province. ments (Fig. 3) . Another seven elements are widespread in most of the grid cells. The remaining 23 species (7.4%) are included in the noise component. The partition of the species to clusters is shown in the first two dimensions of a non-metric multidimensional scaling in Fig. 2 . After discarding 32 element-related species, 23 noise species, 8 element-related grid cells, and 1 species that didn't occupy any of the retained grid cells, the remaining 253 species and 194 grid cells formed a matrix for the next round of biotic element analysis.
Fig. 2 Multi-dimensional analysis results of the first biotic element analysis
Light blue rectangles indicate the regions where the numeric values inside are extensively overlapped.
Fig. 3 The four geographically restricted biotic elements
Colors from light blue to deep blue represents the species richness of the cells from low to high.
MDS2
In the second round of biotic element analysis (tests for clustering: P<0.01), 7 elements are identified but only one element (Element 3: Hainan element, with 10 species) is geographically restricted (Fig. 3) . 33 species were found as noise species. After wiping off elementrelated species and grid cells, the residual 210 species and 202 areas formed another matrix for the third iterative analysis.
In the third analysis (tests for clustering: P<0.01), 9 elements are identified without noise components. Only one element (Element 4: Yunnan-Guizhou plateau element) was diagnosed as geographically restricted (Fig. 3) with 10 supportive species. Since one has reached the fully noise-free results, one could stop the whole analytical procedure.
Distribution of species across biotic elements
For analysis of the distribution of closely related species across biotic elements, the noise category and the species without closely related species in the biotic elements were omitted, resulting into 23 species belonging to 10 genera (Achalinus, Cyrtodactylus, Hydrophis, Japalura, Oligodon, Pareas, Rhabdophis, Scincella, Takydromus and Trimeresurus). A chi-squared test showed that closely related species are not significantly grouped into the same biotic element than expected by random (P=0.999). The null hypothesis that closely related species are homogeneously distributed across biotic elements could not be rejected,
Discussion
Characteristic of biotic elements
I only identified four major geographically restricted elements for reptilian fauna. For other noisy elements, due to the geographical limitation, they show a widespread mode and are needed to re-analyze using more comprehensive species information. The elements identified here are also almost congruent with the previous results (Chen and Bi, 2007; Xu, 2005; Huang et al., 2008) .
The east Xizang element
This element (element 1 in Fig. 3 ) was featured with large amounts of endemic species (i.e., Cyrtodactylus medogensis, Ptyctolaemus gularis, Elaphe hodgsoni), of which all the 17 species are geographically endemic. This element belongs to the Qinghai-Xizang Plateau, the highest and largest plateau in China with averaging altitude of 4500-5000m. Considerable attention has been paid to this biotic element due to its high diversity and peculiar fauna (Liang, 2003; Xu, 2005; Chen and Bi, 2007; Huang et al., 2008) . The uplift of the Qinghai-Xizang Plateau (three major stages: pre-India-Asia collision-100 Ma ago; post-India-Asia collision-55 Ma ago; recent abrupt uplift-7 Ma ago) (Wang et al., 2008) is the most important historical event in shaping this element directly. The Kunlun and Qilian Mountains stop the cold air from Siberia in the north, which offers better survival condition for endemic reptilian species. Besides, due to its high elevation characteristic, it is unlikely for gene flow and exchange to happen in the element and other adjacent low-altitude areas.
The Yunnan-Guizhou Plateau element
This element (element 4 in Fig. 3 ) is located in the Yunan-Guizhou Plateau, the second highest plateau in China. This element has wider distributional boundaries compared to other elements. Hengduan Mountains in the west, Daba Mountains in the north and Wuling Mountains in the east are the major barriers to isolate the element to other areas and the East Xizang element. These barriers are formed around the 'Yanshan' orogenic movement in the Cretaceous period (205-135 Ma) (Wan, 2004) .
Vicariance model gives a relatively good explanation of the distinct faunal difference between the East Xizang element and the Yunnan-Guizhou Plateau element, which were separated by the various mountainous ranges in southwest of the Yunnan-Guizhou Plateau.
Glacial refugia predicted by glacial refugium hypothesis (Holder et al., 1999) were consistent well with this element in terms of ranges. During the Pleistocene ice ages, SW China is located in the southeast of the Xizang-Qinghai Plateau surrounded by Hengduan Mountains and in the south of the Qinling and Daba Mountains. The plateau and mountains form a natural division between the temperate zone and subtropical zone in China. Consequently, SW China was less affected by cold air from Siberia during the glaciations (Shen et al., 2005) and became refuge sites for animals and plants. The Yunnan-Guizhou element corresponds to this refugium zone fully, and the East Xizang element was also fallen into this zone.
The Taiwan element
Apparently Taiwan Strait is a natural obstacle to insulate the fauna of Taiwan from mainland China (Element 2 in Fig. 3 ). The characteristic species are Calliophis sauteri (Elapidae), Takydromus sauteri (Lacertidae), Achalinus formosanus (Colubridae) and others. Taiwan Mountains in the center part of the island might be the barrier between western and eastern part of the reptilian distribution.
When inspecting the distributional of this element (one grid cell located in SE mainland China, others in Taiwan Island), I could also find a strong biogeographical affinity between the coastal areas of SE China and Taiwan. The historical formation of this element is rather old. Taiwan is part of mainland China ('Cathaysian Ancient Terrene') in the eras of Paleozoic and Mesozoic. Vertebrate species could disperse across southeastern part of mainland and Taiwan Island easily. Then due to the crustal movement in the Tertiary, the ingression of seawater made Taiwan Island go up and down the sea level at times. During the time interval between the Pliocene and Pleistocene (5-1.8 Ma), the recent abrupt uplift of the Qinghai-Xizang Plateau (3.6-1.8 Ma) (J. Li and Fang, 1998; Wang et al., 2008) caused the main body of Taiwan Island uplift out of sea level fully. At about 0.01 Myr ago (the end of the glacial age in the Quaternary), the worldwide transgression made the internal descended areas between mainland and the island evolve into the current strait. Fig. 3 ) Qionghai Strait is the first barrier to segregate the reptilian distribution with mainland China, while the high mountainous range in the middle part of the island was the second barrier to isolate the Southeastern and Nothern reptilian distribution ranges within the island. This element has been already discussed for birds and mammals (Chen, 2008 (Chen, , 2009 respectively. Species such as Rhabdophis adleri (Colubridae), Cistoclemmys galbinifrons (Geoemydidae; a threatened species), Ophisaurus hainanensis (Anguidae) support this element.
The Hainan element (Element 3 in
In the uplift period of the Qinghai-Xizang Plateau (could be dated back 100 Ma ago) (Wang et al., 2008) , due to the volcano activities, the subsidence between Leizhou Archipelago and Hainan Island formed the primary prototype of Qionghai Strait, which began to isolate Hainan Island from mainland China. However, Hainan Island re-connected to mainland China repetitiously due to the fluctuation of sea level for many times (the reconnection frequency should be high, no literature so far has estimated the reconnection times between Hainan Island and mainland). The current island body was formed ultimately until the end of glacial age of the Quaternary as Taiwan Island due to transgression.
This element, together with the Taiwan element are formed later than the Xizang element and the YunnanGuizhou Plateau element in geological history (Xu et al., 2003) , because the Hainan and Taiwan elements are actually isolated from mainland China in the Quaternary Period. However, the East Xizang and Yunnan-Guizhou Plateau elements were segregated from each other during the 'Yanshan' orogenic movement in Cretaceous period.
In sum, from the above illustrations and tests of two vicariance hypothesis, ones can know that the orogenic movements and transgressions have actually contributed to most of the vicariance events of reptilian fauna in China. Vicariance model is prominent in the evolution of the reptilians, but one could not conclude that it plays a full role in shaping reptilian distribution without paying attention to speciation modes. As a matter of fact, the two tests of vicariance model are based on a data matrix without considering a large amount of widespread species and singular occurrence species, which might greatly reduce to the possibility of utilizing speciation models for interpreting reptilian distribution without a detailed examination of some informative distributional data.
Relation of richness hotspots and biotic elements
It is not surprising that there existed partial overlaps between the biotic elements and biodiversity hotspots (Chen and Bi, 2007; Myers et al., 2000; Huang et al., 2008) , as shown in Figs. 1 and 3 . Two richness hotspots in Hainan are subjected to the Hainan element, and another two hotspots in Yunnan also belong to the YunnanGuizhou Plateau element. I hypothesized that the spatially overlapping degree between areas of endemism and biodiversity hotspots is not same for different clades. For those clades in which both widespread and geographically restricted species are abundant, the overlapping degree may not be high. For example, amphibians (Chen and Bi, 2007) and reptiles of my present study at regional level; amphibians, birds, reptiles and mammals at global level (Orme et al., 2005; Lamoreux et al., 2006) . However, the overlapping degree between richness hotspots and areas of endemism becomes higher for clades with more geographically restricted species but fewer widespread species, such as aphids (Huang et al., 2008) . I believed that most low dispersal-ability insect and plant clades should have similar patterns, although more examinations still need to be done in the future.
Improvement of biotic element analysis
In the case of my study, the primary analysis identified nine elements, which contained two geographically restricted ones. The remaining seven elements were fully widespread, and they provided little information of testing vicariance model, indicating that dispersal is a common biogeographic event for reptiles in the region. In order to detect other geographically restricted biotic elements, I subsequently carried out a second biotic element analysis without considering species and areas that have been identified in the two geographically restricted elements. Consequently, another geographically restricted element-Hainan element with 33 noise species emerged. A third round of biotic element analysis was implemented so as to another geographically restricted element-Yunnan element with no noise species assigned. As such, the iteration of biotic element analysis could be stopped.
The null model cooperating spatial autocorrelation analysis was used in Prabclust package. To make the analysis more robust, one needs an informative data set. For those seldom filled data sets, the null hypothesis would be rejected rarely. The reason is that there are too much geographically restricted species in the data set, which would reduce the clustering degree of distributional areas (Hausdorf and Hennig, 2006) .
At the meantime, the full filled data sets are needed to avoid as well. This kind of data sets will contain tremendous widespread species across the areas, which will reduce the possibility of generating geographically restricted elements. This could be proven in the primary analysis of my present study, where only 32 species contributing to two geographically restricted elements and others forming widespread elements, making the vicariance analysis becomes less meaningful.
In addition, I argue that the criteria for determining neighboring regions in the program are not fully accurate, which make the spatial autocorrelation of the data possibly overestimated. Some regions/grid cells that are actually not adjacent are grouped as neighbors in the function 'geo2neighbor'. It is suggested to use the nearby eight neighboring grid cells in preparing a neighborhood list. This simple method would approach the true area spatial relationships comparing to the simple cut-off criterion in the package.
The distance test ratio T between the 25% smallest and largest distance for testing clustering of distributional areas has a pitfall needed to discuss. As stated in Hennig and Hausdorf ) the ratio is the most conservative. It depends on top largest ranges and top smallest ranges, which will reduce the significance of clustering in null model simulation (unpublished results) if the data set is composed of most species with small ranges uniformly or with large ranges uniformly, inasmuch in this matter the ratio T becomes close to the maximal limit (value is 1).
Implications for further studies
My study applied biotic element analysis (Hausdorf and Hennig, 2003 , 2004 to detect biogeographically important areas and might represent the primary studies focused on areas of endemism in East Asia (Liang, 2003; Xu et al., 2003; Xu, 2005; Chen and Bi, 2007; Chen, 2009 Chen, , 2008 Huang et al., 2008) . Although the debate on the discrepancies of the biotic elements and areas of endemism is still open (Casagranda et al., 2012) , we still regarded that areas of endemism and biotic elements of species distribution should have some congruent aspects and biotic element analysis has the attempt to identify important areas for historical biogeography and endemism [see the application of biotic element analysis on identifying endemic areas in previous studies: Nogueira et al. (2011); Carvalho et al. (2011); Hausdorf and Hennig (2006) ; Wronski and Hausdorf (2008) and Hausdorf and Henning (2010) ]. There are some questions needed to address in further studies: Does the Yunnan-Guizhou Plateau constitute only one biotic element as showed in my study? The solution might rely on more sufficient distributional data.
Besides, are there any more geographically restricted biotic elements in other parts of China? For example, the northwestern xeric ranges, other areas of the vast Qinghai-Tibet Plateau (Huang et al., 2008) and the northeastern cold regions. I believed that there must be other significant elements in these areas. Due to the limitation of the data set, they could not be identified in this contribution but will certainly be uncovered in the near future.
At last, from technical perspectives, our current study has some limitations given that we don't have a phylogenetic relationship of species in hand. The definition of closely related species based on taxonomic classification could not accurately reflect the phylogenetic relatedness of species. This is because species within a genus is not a guarantee that they could form a monophyletic group based on DNA sequence information. As such, the application of phylogenetic relationship of species to define closely related species would contribute new insights for evaluating and identifying biotic elements.
